This study aimed to test the efficacy of samplings for the detection of Haemophilus parasuis after metaphylactic treatment and subsequent challenge using an established model for Glässer's disease. In this model, 36 piglets were equally assigned to a negative control, a positive control, and two trial groups receiving tulathromycin 7 or 4 days prior to challenge. The piglets of three groups were challenged intratracheally with H. parasuis serovar 5. As a result, four pigs in each challenged group died or had to be euthanised within 10 days post challenge. The remaining 15 pigs of these challenged groups survived until termination of the experiment (days 14-15). All pigs were necropsied and collective swabs of serosal surfaces were tested by bacterial culture and PCR. Samples of tarsal synovial fluid and joint capsule, cerebrospinal fluid (CSF) and brain swabs were tested by PCR. A total of 22 out of the 27 challenged animals had macroscopically detectable polyserositis and all of them tested positive in the collective swab samples. Haemophilus parasuis was more frequently detected in pigs that died within the first 10 days compared to those surviving until days 14-15 (P < 0.001), and those that succumbed within 10 days showed higher positivity rates in the brain and CSF. All pigs which were positive in the CSF had detectable meningitis. At days 14-15, joint samples from 5 of the remaining 15 pigs tested positive for H. parasuis. Four of these five animals did not show any macroscopic or histological lesions in the joints. In conclusion, collective swabs were the best sample material in acute cases, whereas samples from the joints gave the best results in chronic cases. In this challenge model it was not possible to prove the metaphylactic effect of tulathromycin administered 4 and 7 days prior to infection with H. parasuis.
The aims of this study were to test the efficacy of samplings for the detection of Haemophilus parasuis after metaphylactic treatment and to test the metaphylactic efficacy of tulathromycin against Glässer's disease in an established challenge model. Tulathromycin is used for the therapeutic and metaphylactic treatment of respiratory diseases in pigs (Nanjiani et al., 2005; Callens et al., 2012) . Blanco et al. (2004) evaluated disease development in sow-reared (SR) and colostrum-deprived (CD) piglets after intratracheal inoculation with 10 6 to 10 9 colony-forming units (cfu)/ml of H. parasuis serovar 5. More severe signs were observed in the CD pigs which developed typical symptoms and lesions of Glässer's disease compared to SR pigs. Oliveira et al. (2003) confirmed the suitability of naturally farrowed, colostrum-deprived piglets as a model to study H. parasuis infections. The advantage of that model is the easy availability of animals even from herds which are H. parasuis positive. However, the survival rate of piglets depends on strict hygiene regimes and the use of antibiotics. Although the survival rate of these pigs has reached 80%, high pre-challenge death losses still occur (Oliveira et al., 2003) . Varying inoculation techniques are used in experimental studies. In most studies an intranasal challenge technique is used to infect pigs with H. parasuis (Vahle et al., 1997; Brockmeier et al., 2013; CostaHurtado et al., 2013) . Alternative methods are based on intraperitoneal (De la Fuente et al., 2010) or intratracheal infection (Bak and Riising, 2002) . The H. parasuis serovar 5 used in the present study is one of the most prevalent serovars in samples from pigs with Glässer's disease (Zhang et al., 2012; Luppi et al., 2013) .
A preliminary diagnosis of Glässer's disease is based on clinical signs and the presence of typical lesions such as polyserositis and polyarthritis. Although a definitive diagnosis of infection typically requires isolation of the causal agent from these lesions, confirmation of an agent by PCR testing is becoming increasingly valuable, especially when the agent is difficult to isolate in pure culture (Palzer et al., 2006; Palzer et al., 2008) . Ideally, sites such as the brain (meninges), the pericardium, the pleura, the peritoneum, and the joints should be used (Oliveira, 2004 ). Various authors have isolated H. parasuis from pleural fluid, peritoneal fibrin and pericardial fluid (Neil et al., 1969; Amano et al., 1997; Turni and Blackall, 2007) . The same authors have found that the lungs, heart, heart blood, affected joints and brain are the best sites for sampling when an acute infection is present. Interestingly, it has been described that pigs infected with virulent isolates of H. parasuis can remain healthy and serve as reservoirs for transmission to naïve pigs (Brockmeier et al., 2013) . However, no reports are available about the optimal sampling system for the detection of H. parasuis at different times after metaphylactic treatments and challenge. The objectives of this study were to test the efficacy of a metaphylactic treatment with tulathromycin either 4 or 7 days prior to experimental infection with H. parasuis serovar 5 and to compare different sample types for the diagnosis of Glässer's disease.
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Materials and methods
Animal experiments
Thirty-six castrated male crossbred (Landrace × Large White × Pietrain) piglets were obtained at three weeks of age from a commercial farrowing farm with no prior history of porcine reproductive and respiratory syndrome virus (PRRSV) infection or Glässer's disease in the sow herd. The piglets had been randomly selected from a total of 18 litters and had been bled at one week of age, together with their dams; all samples tested negative for antibodies against H. parasuis by ELISA (INGEZIM ® Haemophilus 11.HPS.K 1, Ingenasa, Madrid, Spain). Piglets were vaccinated against Mycoplasma hyopneumoniae (Hyoresp ® , Merial, Lyon, France) at one and three weeks of age and against PCV2 (Porcilis ® PCV, MSD, Boxmeer, The Netherlands) at three weeks of age. Piglets were moved to the Clinic for Swine (University of Veterinary Medicine Vienna, Austria) and allowed to acclimatise for a period of 17 days prior to challenge. The study was conducted over a 32-day period which included a 14-to 15-day postchallenge evaluation. On arrival, piglets were weighed and assigned to one of four treatment groups (Groups 1-4) according to their weight in order to establish a uniform group weight distribution.
The study was originally designed to evaluate the efficacy of tulathromycin by treating weaned piglets according to two different protocols. Piglets received a tulathromycin treatment at a dosage of 2.5 mg per kg body weight (BW) at either seven or four days prior to infection with a virulent H. parasuis serotype 5. Pigs from Groups 3 and 4 received an intramuscular injection with tulathromycin on days -7 and -4. The minimum inhibitory concentration for the H. parasuis strain used was 0.5 mg/l. To prepare the inoculum, the strain was streaked onto a chocolate agar, which was incubated for 4 days at 37 °C in an atmosphere of 7% carbon dioxide. Colonies were harvested in phosphate-buffered saline (PBS). The cfu count in one aliquot was determined using serial dilution and plating (Viehmann et al., 2013) , and aliquots were kept frozen (-80 °C) until further use. One day prior to challenge, on Day -1, one aliquot was selected, thawed at 37 °C and the suspension was adjusted to the colony count of approximately 1×10 8 cfu/ml. On the day of challenge (day 0), pigs from Groups 2, 3 and 4 were inoculated intratracheally with 5 ml of H. parasuis strain Nagasaki (serotype 5) containing 10 8 cfu/ml. The sensitivity of the strain to tulathromycin was tested in vitro. Pigs from the control group were mock infected using PBS. After challenge, pigs were examined at least once daily until study termination. The following clinical parameters were included in the examination: body temperature, condition, respiratory signs like coughing, filling of the joints, appearance of the conjunctiva and sclera, behaviour and signs of pain, abdominal appearance and the backline of the pigs, lameness and central nervous system (CNS) symptoms. Animals that showed severe clinical signs, such as recumbency with inability to rise, were euthanised. Those animals were sedated and then euthanised with T61 ® (Intervet, Boxmeer, The Netherlands) via intracardiac injection. At termination, the remaining animals were euthanised in the same way. All pigs were necropsied directly after death or euthanasia, and the gross pathological findings were recorded.
Animal care and euthanasia during the study were approved and conducted in accordance to the current Animal Experiments Act and in accordance with the Good Scientific Practice guidelines of the Ethics Commission of the Veterinary University Vienna, Austria. The study was registered by the Austrian Federal Ministry for Science and Research, Department for Genetics and Animal Experiments/Testing.
Detection of H. parasuis
Collective swabs (sterile cotton swabs embedded in Amies charcoal transport medium; Medi Swab ® , Heinz Herenz, Hamburg, Germany) from serosal surfaces (pleura, pericardium, peritoneum) were taken from all pigs for bacterial culture and PCR to detect H. parasuis (Palzer et al., 2006) . In addition, samples for PCR were collected from the synovial fluid and joint capsule from both tarsal joints and any other swollen joints as well as from the cerebrospinal fluid (CSF) and brain (meningeal swabs). CSF was collected from either the occipital or the lumbosacral region. DNA was extracted from the samples using the GenElute ® Mammalian Genomic DNA Miniprep Kit (Sigma-Aldrich Biotechnology) according to the manufacturer's user guide. Approximately 250 µL of undiluted DNA was obtained after extraction and 5 µL of DNA were used for PCR analysis. PCR testing according to the method described by Angen et al. (2007) and bacterial culture were performed at the Institute of Bacteriology, Mycology and Hygiene, University of Veterinary Medicine Vienna, Austria. Bacterial culture on chocolate blood agar was started within 30 min of the collection of serosal swabs. The cultures were incubated at 37 °C for 2-3 days in a 7% CO 2 aerobic environment. Suspect colonies were subcultured onto a new chocolate blood agar plate and incubated for 3-4 days. Colonies were confirmed as H. parasuis by PCR.
Statistical analysis
Statistical analysis was performed using SPSS 17.0 for Windows XP. Descriptive statistics were done using either SPSS 17.0 or Microsoft Office Excel 2007. The Kaplan-Meier test was used to calculate overall mortalities between the individual groups, while all other group comparisons were analysed using the Mann-Whitney U test. Haemophilus parasuis detection methods were compared using the Kappa test. In the analyses, group comparisons were performed between Groups 1 and 2, Groups 2 and 3, Groups 2 and 4, and finally Groups 3 and 4. The 1.25% level of significance obtained by Bonferroni correction was used to eliminate error for all tests with the exception of the association between detection frequencies of H. parasuis where a 5% significance level was used.
Results
A total of 12 pigs (four from each challenge group) had to be removed due to death or euthanasia within 10 days of challenge. Two of these pigs were found dead in their pens and the remaining 10 were euthanised due to severe disease with lateral recumbency and inability to rise. None of the control animals were euthanised or died before the end of the study on day 15. Four pigs from each of Groups 2 and 3, and one pig from Group 4 were removed between days 2 and 4 post infection, while the remaining three severely affected pigs in Group 4 were either found dead on day 6 (one pig) or required euthanasia on day 10 (two pigs). There was no significant difference in the time of death among the three challenge groups (P > 0.05).
All samples from the control group tested negative by PCR for H. parasuis, and all serosal swabs from this group were negative by bacterial culture. A total of 129 samples collected from the three challenge groups were examined by PCR. Six out of the 135 possible samples were unsuitable for testing. Culturepositive samples from collective serosal swabs were obtained from 10 out of 27 challenged pigs, all of which suffered from severe disease and were necropsied within 10 days after challenge (Table 1) . Haemophilus parasuis was detected by PCR from collective serosal swabs of all the 10 culture-positive animals, as well as from serosal swabs from two additional challenged pigs which were necropsied within the first 10 days post challenge (Table 1) . After challenge, detection of H. parasuis by culture and PCR was significantly more frequent (P < 0.001 for each) in the 12 pigs removed due to disease in the first 10 days than in those 15 which survived for 14-15 days. Overall, H. parasuis was detected by PCR in 18 out of 27 challenged pigs (Table 1 ) with a similar number detected among Groups 2, 3 and 4 (n = 7, 6 and 5, respectively; Table 2). PCR detection of H. parasuis was most frequent in collective serosal swabs (12 samples) and CSF (nine samples) compared to joint fluid (four samples), joint capsule (five samples) or brain swabs (four samples). In five pigs that survived until termination (days 14-15), H. parasuis specific genome was detected by PCR; joint samples tested positive in all five pigs and CSF in two pigs. All PCR-positive joints were tarsal joints.
A total of 22 animals had macroscopically detectable polyserositis. Six were from Group 2, nine from Group 3, and seven from Group 4. No significant difference was seen between the three challenged groups (P > 0.0125). One animal from Group 1 had pericarditis at necropsy. The same animal had synovitis in one tarsal joint. All animals testing positive in the collective swab had polyserositis at necropsy. Synovitis was found in 13 animals of the three challenged groups: four animals from Group 2, six from Group 3 and three from Group 4 (P > 0.0125). Comparing PCR results obtained from macroscopic lesions, only four animals positive in at least one joint sample had synovitis. Five animals were positive by PCR without any lesions; four of them survived until termination and were PCR positive from joint fluid only. Meningitis was seen in 22 animals: six from Group 2, nine from Group 3 and seven from Group 4 (P > 0.0125). All PCR-positive pigs had meningitis at necropsy. --+  --291  3  14  ---+  --292  3  14  ---+  --493  4  14  ---+  --194  2  15  --+  -+  -192  2 
Discussion
The H. parasuis challenge model used in this study induced acute and severe clinical signs which resulted in euthanasia or death of four out of nine pigs from each challenge group within ten days after infection. The high number of deaths is in agreement with findings in previous studies which used highly pathogenic strains of H. parasuis serotype 5. According to Aragon et al. (2012) , serovar 5 is highly virulent and capable of causing death in pigs. Similarly, other authors reported the deaths of several pigs shortly after experimental infection with H. parasuis serovar 5 (Amano et al., 1997; Bak and Riising, 2002; De la Fuente et al., 2010) .
In the present study, we found no significant differences in clinical outcome between the three challenged groups. When an organism is inoculated intratracheally, it circumvents the mucosal immunity of the upper respiratory tract and can cause systemic infection more easily (Amano et al., 1997) . Therefore, it might be necessary to reduce the dose of the inoculum if an intratracheal challenge model is used to induce the disease in order to see the effect of an antimicrobial treatment. Further studies are necessary to determine appropriate inoculum dosage and tulathromycin administration time in this challenge model. Another issue may be the time-points chosen for treatment. These time-points were chosen to cover the half-life of tulathromycin which is 3.75 days (Group 3) and twice the half-life (Group 4) (Benchaoui et al., 2004) . Tulathromycin is registered in the European Union for the therapeutic and metaphylactic treatment of pneumonia caused by H. parasuis. The time-points were chosen to simulate the different contact situations in a group treatment of pigs. Furthermore, the concentrations of tulathromycin in the lungs are higher than in the plasma but are not detectable after six days (Yang et al., 2013) . Therefore, the concentration of tulathromycin in the lungs at the moment of the challenge was possibly insufficient to prevent disease in our model. As a consequence, in this challenge model it was Acta Veterinaria Hungarica 63, 2015 not possible to prove the metaphylactic effect of tulathromycin administered 4 and 7 days prior to infection with H. parasuis.
Haemophilus parasuis DNA could be detected by bacterial culture in samples from 18 challenged pigs. Haemophilus parasuis was detected in at least one of five samples from pigs of all three challenged groups by PCR and was isolated in 10 collective serosal swabs from pigs of all three challenged groups. As expected, H. parasuis DNA was not detected by PCR or culture in samples from the control pigs. Although a significant difference among the sample types for the detection of H. parasuis by PCR was not established in this study, the bacterium was most frequently detected in collective serosal swabs and cerebrospinal fluids. This detection frequency corresponds to findings in other studies (Palzer et al., 2006) . Swabs can be used successfully for sampling diseased animals for H. parasuis diagnosis, particularly by PCR (Angen et al., 2007) . In this study, the number of positive samples was higher in the fluid than in the swab of the brain. The highest success rate for H. parasuis detection by either PCR or bacterial culture was achieved when a combination of samples from the meninges, peritoneum and pleura was used (Blanco et al., 2008) . Likewise, Oliveira and Pijoan (2002) noted that ideal sites for isolation were the brain (meninges), the pericardium, the pleura, the peritoneum and the joints. All these recommended sampling sites were investigated in this study. The investigation of brain swabs produced no additional findings, because all positive animals were positive in the corresponding cerebrospinal fluid, which seems to be a better sample type.
Haemophilus parasuis was most frequently detected by PCR in synovial fluid from animals that were euthanised at the end of the trial. Notably, the bacteria were not concurrently detected by PCR in the corresponding joint capsules of these pigs. When H. parasuis was detected in joint capsules of other pigs throughout the study period, the synovial fluid consistently tested negative. Therefore, at no point in this study was the H. parasuis genome identified in both the synovial fluid and the joint capsules. Differences in the detection frequency of H. parasuis may be due to different amounts of bacteria present in the synovial fluid and joint capsules. For other PCR protocols it is known that a minimum of 100 cfu/mL is required for detection (Oliveira et al., 2001) . The sensitivity of the PCR method used in this study was reported to be slightly lower than that of other PCR methods (Oliveira et al., 2001; Yang et al., 2013) . Another explanation might be that the bacterium is first localised in the joint capsule during the early stages of infection, while in later stages it is only present in the synovial fluid. This assumption is supported by the fact that H. parasuis was only detected in the synovial fluids of animals that died at study termination. Further investigations are required to understand the mechanism of H. parasuis colonisation of the joints.
Although H. parasuis was more frequently detected in serosal swabs of challenged pigs by PCR (12 out of 27) than by culture (10 out of 27), and PCR detected all cases that were detected by culture, there was no significant difference between the two methods. The very rapid procedure of the bacteriological investigation may have had a positive influence on the number of positive samples. However, in routine diagnostics it is normally not possible to perform a culture within such a short time after necropsy.
Due to severe clinical symptoms 12 pigs from all three challenged groups died or were euthanised within ten days post infection. Haemophilus parasuis was detected in three different sample types (joint capsule, synovial fluid and cerebrospinal fluid) from six pigs which were euthanised at study termination. It is possible that they could have developed more obvious lesions if given more time.
The results of this study confirm that PCR and bacterial examination of various sample types are suitable diagnostic tools to detect all stages of H. parasuis infection. In this study, an investigation of collective swabs by PCR gave the best results in acute cases of the disease. In chronic cases the best sample to detect H. parasuis was taken from the joints. Regarding samples from the CNS, cerebrospinal fluid was positive in more cases than the corresponding brain swab. All these results indicate that the diagnostic method and sample type must be carefully chosen according to the stage of the disease.
